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SECTION  1 


INTRODUCTION 

-  / 

The  loss  of  airplanes  and  occupants  attributable  to  departures  from  controlled 
flight  and  ensuing  spins  has  been  a  problem  since  the  earliest  days  of  aviation. 
These  losses  have  plagued  both  the  military  and  general  aviation  communities.  The 
phenomena  responsible  for  such  losses  take  on  added  significance  because,  in  the  past  ten 
years,  high  angle-of-attack  capability  in  the  post-stall  region  has  been  shown  to 
significantly  enhance  the  air  combat  maneuvering  effectiveness  of  fighter  airplanes 
and,  therefore,  this  is  not  a  region  to  be  avoided,  but  rather  exploited,  if  possible. 
Fortunately,  the  aerodynamic  characteristics  that  produce  departures  and  spins  have 
been  identified  within  the  past  few  years  through  rotary  balance  tests,  which 
identify  an  airplane's  aerodynamic  characteristics  in  a  steady  rotational  flow 
environment.  -- 

^  - 

It  was  demonstrated  in  the  Phase  I  study  iRefercrrceT)  that  the  high  angle- 
of-attack  aerodynamic  characteristics  are  very  configuration  dependent  and  that 
forebodv  geometry  can  have  a  significant  influence  on  these  characteristics.  In  the 
extreme  case,  an  aircraft's  undesirable  aerodynamics  can  be  completely  attributable  to 
the  forebody.  In  this  instance,  autorotative  yawing  and  rolling  moments,  as  well  as 
increasing  nose-up  pitching  moments  with  increasing  rotation  rate,  are  realized.  In 
addition,  large  yawing  and  rolling  moments  may  exist  for  symmetrical  flight 
conditions.  All  of  these  characteristics  can  be  exhibited  over  a  large  angle-of-attack 
range  and  are  most  conducive  to  departure  from  controlled  flight  and  spins.  During 
the  Phase  I  study,  an  extensive  high  angle-of-attack  body-alone  data  base  for  military 
configurations  was  utilized  to  correlate  static  and  rotational  aerodynamic 
characteristics  with  forebody  design  parameters.  The  results  of  this  study  were 
formulated  into  a  preliminary  design  guide,  which  related  high  angle-of-attack 
characteristics  with  forebody  geometry. 

The  good  correlation  which  led  to  the  preliminary  design  guide  indicated  that  a 
systematic  experimental  program  and  analysis  could  successfully  predict  the  aircraft 
behavior  associated  with  forebody  geometry.  With  such  information,  aircraft 
designers  can  perform  forebody  geometry  trade-offs  with  a  high  level  of  confidence 
that  the  Final  forebody  geometry  selected  will  not  induce  departures  from  controlled 
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flight  or  spins,  with  all  the  attendant  benefits  to  be  realized  with  vehicles  having  no 
angle-of-attack  limitations.  Of  course,  the  wing  and  empennage  must  also  be  selected  on 
the  bases  of  desirable  high  angle-of-attack  aerodynamics  to  exploit  this  maneuvering 
capability. 

The  principal  technical  objective  of  this  Phase  II  study,  therefore,  was  to 
develop  an  appropriate  design  guide  that  could  be  used  to  predict  the  aerodynamic 
characteristics  and  resulting  aircraft  responses  as  a  function  of  forebody  geometry. 
Another  objective  was  to  determine  the  forebody's  contribution  to  static  directional 
stability.  (Other  researchers  have  also  investigated  the  forebody's  influence  on  static 
stability,  e.g.  References  2  and  3.)  To  achieve  these  objectives,  the  following  tasks  had 
to  be  accomplished: 

1)  Experimentally  determine  the  static  and  rotational  aerodynamic  characteristics 
for  a  series  of  forebodies,  selected  on  the  bases  of  the  Phase  I  study,  having  different 
geometric  characteristics  in  the  presence  of  an  afterbody.  During  this  task,  the  fineness 
ratio,  and  cross-sectional  area  were  systematically  varied. 

2)  Experimentally  determine  the  aerodynamic  contribution  for  selected  forebodies 
in  the  presence  of  a  wing  and  vertical  tail  representative  of  a  fighter  configuration. 

3)  Develop  a  forebody  design  guide  employing  the  experimental  results. 

4)  Experimentally  determine  the  effect  of  forebody  modifications,  such  as  blunting 
or  inclining  the  forebody  or  the  addition  of  strakes  and  chines. 
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SECTION  2 


SUMMARY  OF  PHASE  I  EFFORT 

All  of  the  airplane  models  tested  on  the  rotary  balance  in  the  past  were 
fabricated  such  that  the  wing,  horizontal,  and  vertical  tails  were  independently 
removable  from  the  body  in  order  to  study  the  aerodynamic  contribution  of  the 
individual  components.  As  a  result  of  these  component  build-up  tests,  body-alone 
data  for  all  tested  military  configurations  were  available  for  the  data  base  utilized  for  the 
Phase  I  development.  The  availability  of  these  body-alone  data  permitted  a 
preliminary  analysis  of  the  influence  of  forebody  design  characteristics  on  the  static 
and  rotational  aerodynamics. 

Although  it  was  demonstrated  in  the  Phase  I  report  that  the  forebody 
influenced  all  three  body  axes  moments,  these  data  also  indicated  that  the 
forebody's  most  pervasive  and  critical  influence  was  on  the  static  and  rotational 
yawing-moment  characteristics.  Therefore,  yawing-moment  characteristics  alone  were 
considered  for  determining  a  forebody  design  guide.  However,  it  was  also  found  from 
these  results  that  when  the  forebody  produced  highly  adverse  yaw  characteristics,  the 
airplane  also  exhibited  adverse  roll  and  pitch  characteristics. 

The  standard  practice  when  computing  airplane  coefficient  data  is  to  non- 
dimensionalize  them  with  respect  to  wing  area,  wing  span,  chord,  and  free-stream  dynamic 
pressure.  However,  in  order  to  compare  body-alone  data  of  various  airplane 
configurations,  an  area  and  length  common  to  all  the  bodies  was  required  for  the 
non-dimensionalization.  Since  the  forebody  was  of  concern  in  the  study,  the 
available  body  yawing-moment  data  were  non-dimensionalized  with  respect  to 
forebody  geometry.1  The  body-alone  yawing-moment  coefficients  based  on  this 
non-dimensionalization  were  designated  as  Cn*  to  differentiate  them  from  the 
standard  airplane  yawing-moment  coefficients. 

The  study  indicated  that  forebody  fineness  ratio  and  cross-sectional  shape 
were  important  geometric  design  parameters  in  determining  the  aerodynamic 

1  The  reference  area  was  the  cross-sectional  area  at  the  forebody  planform  centroid,  and 
the  reference  length  was  the  distance  from  the  airplane's  moment  center  to  the  tip  of  the 
forebody. 
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characteristics  of  forebodies.  To  include  Ixilli  geometric  design  parameters  within 
one  design  guide,  a  forebody  geometry  parameter  (FGP)  was  considered  which  was 
the  product  of  nose  fineness  and  cross-sectional  area  ratios  (see  Figure  la). 


Forebodies  were  found  to  produce  propelling  yaw  characteristics  in  two  ways. 
First,  they  can  generate  yawing  moments  in  symmetric  flight  (CnD)  due  to  asymmetric 
vortex  shedding.  Such  static  moments  can  produce  nose-slice  departures,  i.e.,  the  airplane 
begins  to  rotate  in  the  direction  determined  by  the  sign  of  the  yawing  moment.  Secondly, 
they  can  produce  propelling  rotational  moments  such  that,  when  the  airplane  begins  to 
rotate,  the  rotation  generates  moments  to  increase  the  rate  of  rotation.  Consequently,  a 
propelling  yawing-moment  coefficient  parameter  (PYMP)  was  developed  which 
consisted  of  the  average  area2  under  the  Cn*  vs  Qb/2V  curve  measured  up  to 
0.4  f2b/2V  between  40'  and  70“  angle  of  attack  every  10‘.  This  area  was  chosen  because 
it  is  a  direct  measure  of  the  yawing-moment  characteristics  discussed  above.  The  angle-of- 
attack  range  was  chosen  because  it  is  generally  the  region  where  forebodies  have 
their  greatest  aerodynamic  effect. 

It  should  be  appreciated  that  greatly  differing  afterbody  types  were  represented 
within  this  data  set,  ranging  from  essentially  slender  tubes  to  flying  bodies  having 
widely  separated  side-mounted  engine  nacelles.  Also,  a  highly  blended  configuration 
was  included  with  strakes  that  extended  from  the  forebody  to  the  wing  leading- 
edge.  Such  widely  varying  afterbody  designs  might  be  expected  to  have  some 
influence  on  the  body-alone  yawing  moment  data  and,  therefore,  produce  scatter  in  the 
resulting  correlation.  However,  despite  this  concern,  a  distinct  relationship  between 
PYMP  and  the  FGP  was  demonstrated  (see  Figure  lc). 

Consequently,  the  ability  to  develop  this  preliminary  design  guide  indicated  that  a 
systematic  experimental  program,  with  appropriate  analysis,  could  successfully  define  the 
forebody  geometry  that  would  not  induce  departures  from  controlled  flight  or  spins. 


2  The  area  measured  was  in  the  propelling  quadrant  and  having  Cn*’s  of  the  same  sign  as 
Cn0  if  present  (see  Figure  1b). 
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SECTION  3 


EXPERIMENTAL  INVESTIGATION 

3. 1  Technical  Approach 

Because  of  the  correlation  between  forebody  geometry  and  aerodynamic 
characteristics,  as  demonstrated  by  the  Forebody  Geometry  Parameter  vs  PYMP  chart  in 
Phase  I,  the  experimental  program  was  designed  with  the  goal  of  providing  a  systematic 
investigation  of  forebody  characteristics  as  a  function  of  forebody  geometry,  without 
varying  aft  fuselage  geometries.  In  addition,  the  influence  of  other  parameters,  such  as 
forebody  bluntness,  inclination,  chines,  and  strakes  were  to  be  investigated. 

After  obtaining  the  forebody  data,  the  tests  were  repeated  for  a  selected  set  of 
forebodies  with  a  wing  and  vertical  tail  added  to  the  afterbodies.  This  was  done  to  illustrate 
the  aerodynamics  resulting  from  the  possible  interaction  of  the  forebody  vortices  with  other 
aircraft  components. 

3.1.1  Models 

3. 1.1.1  Basic  Forebodies 

The  forebody  dimensions  chosen  are  tabulated  in  Table  I  (which  also  includes  total 
body  dimensions).  These  dimensions  resulted  in  a  systematic  variation  of  the  fineness 
ratio  and  cross-sectional  shape,  as  shown  in  Figure  2.  The  basis  for  selecting  the  24 
forebody  models  is  illustrated  by  Figure  3,  which  compares  the  Phase  II  model  forebodies 
with  the  Phase  I  PYMP  vs  forebody  geometry  parameter  chart.  As  shown,  the  models 
selected  resulted  in  a  large  variation  in  the  forebody  geometry  parameter  that  extends 
considerably  beyond  the  range  experienced  by  existing  fighter  aircraft 

Six  forebody  fineness  ratios  were  selected,  namely  1,  2,  3,  4,  4.5  and  5. 
The  fineness  ratio  (FR)  is  defined  as  the  length  between  the  tip  and  base  of  the 
forebody,  divided  by  the  height  of  the  forebody  at  its  base.  Three  cross-sectional  shapes 
(H/W  ratios  of  0.6,  0.8,  and  1.0),  having  the  same  base  cross-sectional  area  were 
constructed.  In  each  case,  the  forebodies-  were  mounted  on  afterbodies  having  constant 
cross-sections  equal  to  those  of  the  base  of  the  forebodies.  Photographs  of  the  FR=4 
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models  are  presented  in  Figure  4.  The  H/W=0.8  forebodies  were  also  rolled  90 
degrees  and  tested  on  a  vertical  ellipse  afterbody,  thus  permitting  H/W=1.25  forebodies 
to  be  tested  (see  Figure  4d).  These  forebodies  when  mounted  on  the  vertical  ellipse 
afterbody,  because  of  the  definition  of  fineness  ratio,  yielded  slightly  diminished  FR 
values.  However,  the  resulting  fineness  ratios  (from  0.8  to  4)  still  provided 
adequate  coverage  of  probable  aircraft  values. 

3. 1.1. 2  Airplane 

Experience  has  shown  that  forebody  geometries  that  have  an  appreciable 
aerodynamic  influence  due  to  a  strong  asymmetric  vortex  in  symmetric  flight  will,  in 
the  presence  of  other  components,  have  additional  aerodynamic  influences  not 
detected  with  the  isolated  forebody.  For  example,  in  the  presence  of  the  wing, 
static  rolling-moment  coefficient  off-set  values  may  be  realized  as  well  as  a  different 
rotational  rolling-moment  vs  angle  of  attack  relationship  (see  Reference  1).  The 
yawing-moment  contribution  of  the  vertical  tail  may,  in  the  extreme  case,  also  be 
affected.  These  effects  arise  due  to  interaction  of  the  forebody  vortices  on  the  affected 
surfaces.  The  aerodynamic  characteristics  attributable  to  these  forebodies  may  also 
be  altered  (adversely  or  favorably)  when  an  instrument  boom  is  installed,  or  by  the 
presence  of  a  canard  (possibly  with  the  undeflected  and  deflected  surface  producing 
different  effects). 

To  illustrate  the  possible  influence  of  forebody  characteristics  on  other  aiiplane 
components,  a  vertical  tail  and  wing  were  added  to  H/W=0.6  and  1.0  bodies  having  FR 
2  and  5  forebodies.  A  photograph  of  the  airplane  model  with  the  H/W=1.0,  FR=5,  body 
is  presented  in  Figure  5.  The  model  dimensions  are  presented  in  Figure  6  and  are 
representative  of  a  typical  1/10-scale  fighter  aircraft  model. 

3. 1 . 1 .3  Blunted  Forchodicx 

To  determine  the  influence  of  nose  bluntness,  additional  forebody  models 
were  constructed  for  the  elliptical  cross-sections.  These  forebodies  were  constructed 
with  the  same  shape  .as  the  original  forebodies  up  to  a  point  3"  from  the  tip.  From  this 
point  to  the  tip,  a  polynomial  curve  fit  of  the  form  r(x)=aix,^2+a2x+a3x2  was  used.  For 
example,  forebodies  with  a  fineness  ratio  5  had  their  tips  rounded  to  produce 
equivalent  4.5  and  4  FR  forebodies.  A  sketch  of  these  forebodies  is  presented  in  Figure 
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7,  and  a  photograph  of  the  H/W=0.6,  FR=5,  blunted  to  4.5  model  is  shown  in  Figure  8. 
Using  the  same  procedure,  the  4  FR  forebody  shapes  were  modified  to  generate 
equivalent  3  FR  blunt  forebodies.  Table  II  presents  the  dimensional  characteristics 
for  the  blunted  forebodies  and  total  body  configurations. 

3. 1.1. 4  Inclined  Forebodies 

By  modifying  the  forebody's  upper  surface  to  meet  pilot  visibility  requirements, 
designers  produce  an  effective  droop  in  the  forebody  that  typically  lies  between  6*  and  10*. 
To  simulate  this  effect,  a  wedge  was  placed  between  the  body  and  forebody,  producing  a 
7.5*  inclined  forebody.  Investigation  of  the  influence  of  inclination  was  conducted  with  the 
circular  (H/W=1.0)  and  the  elliptical  (H/W=0.6)  cross-sectional  shapes  at  fineness  ratios  of 
3  and  5.  A  photograph  of  the  inclined  H/W=1.0,  FR=5  forebody  model  is  presented  in 
Figure  9.  It  can  be  seen  that  although  this  technique  truly  simulated  the  effect  of  inclining 
the  forebody,  it  exaggerates  the  geometric  effect  as  it  would  apply  to  most  fighter 
configurations,  since  the  lower  surface  of  the  forebody  and  aft  body  would  not  display  the 
discontinuity  shown  here. 

3. 1 . 1 .5  Forebody  Chines 

Two  chine  forebodies,  which  introduced  a  sharp-edged  discontinuity  or  cusp 
extending  laterally  along  the  length  of  the  forebody,  were  investigated.  The  chines  of 
these  forebodies,  however,  were  not  extended  onto  the  afterbody.  Cross-sections  of  the 
selected  45*  and  135*  chine  configurations  are  depicted  in  Figure  10.  Figure  11  presents  a 
photograph  of  the  135*  chine  configuration.  It  should  be  noted  that  the  projected 
planform  area  of  the  45*  chine  forebody  was  considerably  larger  than  those  of  the 
other  forebodies  tested.  The  influence  of  chines  was  investigated  only  for  a  fineness  ratio 
4,  H/W=1.0  forebody. 

3. 1.1. 6  Forebody  Strakes 

Other  considerations  may  dictate  the  use  of  a  forebody  whose  geometry  has 
undesirable  aerodynamic  characteristics  at  high  angles  of  attack.  Therefore,  it  would  be 
extremely  useful  if  some  device  were  available  to  alter  the  aerodynamics  of  such  a 
forebody.  Various  strakes  have  been  used  on  forebodies,  primarily  to  alter  their  static 
directional  contribution  at  and  beyond  wing  stall.  Consequently,  a  strake  configuration 
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(see  Figure  12)  was  tested  on  a  forebody  model  to  illustrate  its  influence  in  altering  the 
aerodynamics,  both  statically  and  rotationally. 

3.1.2  Test  Equipment 

A  rotary  balance  measures  the  forces  and  moments  acting  on  a  model  while 
it  is  subjected  to  rotational  flow  conditions.  Historical  background  for  this  testing 
technique  is  discussed  in  Reference  4.  A  sketch  of  the  rotary  balance  apparatus 
installed  in  the  NASA  Langley  Spin  Tunnel  is  shown  in  Figure  13.  The  system's 
rotary  arm,  which  rotates  about  a  vertical  axis  at  the  tunnel  center,  is  supported  by 
a  horizontal  boom  and  is  driven  by  a  motor  external  to  the  test  section. 

A  NASA  six-component  strain  gauge  balance,  affixed  to  the  bottom  of  the 
rotary  balance  apparatus  and  mounted  inside  the  model,  is  used  to  measure  the  six 
forces  and  moments  acting  along  and  about  the  model  body  axis.  Controls  located 
outside  of  the  tunnel  test  section  are  used  to  activate  motors  on  the  rig,  which 
position  the  model  to  the  desired  attitude.  The  angle-of-attack  range  of  the  rig  is  0* 
to  90*,  and  the  sideslip-angle  range  is  ±30*.  Spin  radius  and  lateral  displacement 
motors  are  used  to  position  the  moment  center  of  the  balance  on,  or  at  a  specific 
distance  from,  the  spin  axis.  (This  is  done  for  each  combination  of  angle  of  attack 
and  sideslip  angle.)  Electrical  currents  from  the  balance  and  to  the  motors  on  the 
rig  are  conducted  through  slip  rings.  Figure  13  identifies  various  components  of  the 
rig  and  shows  how  the  rig  is  positioned  in  angle  of  attack  and  sideslip. 

The  system  is  capable  of  rotating  up  to  90  rpm  in  either  direction.  A  range 
of  Qb/2V  values  can  be  obtained  by  adjusting  rotational  speed  and/or  tunnel  air 
flow  velocity.  (Static  aerodynamic  forces  and  moments  are  obtained  when  Q=0.) 

The  data  acquistion,  reduction,  and  presentation  system  is  composed  of  a 
12-channel  scanner/voltmeter,  a  computer  with  internal  printer,  a  plotter,  and  a  CRT 
display.  This  equipment  permits  data  to  be  presented  via  on-line  digital  print-outs 
and/or  graphical  plots. 
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3.1.3  Test  Procedures 


Rotary  aerodynamic  data  are  obtained  in  two  steps.  First,  the  inertial  forces 
and  moments  (tares)  acting  on  the  model  at  different  attitudes  and  rotational  speeds 
must  be  determined.  Ideally,  these  inertial  terms  would  be  obtained  by  rotating  the 
model  in  a  vacuum,  thus  eliminating  all  aerodynamic  forces  and  moments.  As  a 
practical  approach,  this  is  approximated  closely  by  enclosing  the  model  in  a  sealed 
spherical  structure,  which  rotates  with  the  model  without  touching  it,  such  that  the 
air  immediately  surrounding  the  model  is  rotated  with  it.  As  the  rig  is  rotated  at 
the  desired  attitude  and  rate,  the  inertial  forces  and  moments  generated  by  the 
model  are  measured  and  stored  on  magnetic  disc  for  later  use. 

The  enclosure  is  then  removed  and  the  force  and  moment  data  recorded  with 
the  wind  tunnel  operating.  The  tares,  measured  earlier,  are  then  subtracted  from 
these  data,  leaving  only  the  aerodynamic  forces  and  moments,  which  are  converted 
to  coefficient  form. 

3.1.4  Test  Conditions 

The  experimental  investigation  was  conducted  at  a  velocity  of  25  ft/sec,  which 
corresponds  to  a  Reynolds  number  of  5.3X104  and  2.09x1 05  based  on  the  referenced 
body  diameter  and  wing  chord,  respectively.  All  of  the  models  were  tested  through  an 
angle-of-attack  range  of  0*  to  90',  in  5'  increments.  Measurements  were  obtained 
for  each  configuration  at  f2b/2V  values  of  0,  0.05,  0.1,  0.2,  0.3  and  0.4,  in  both 
clockwise  (pilot's  right)  and  counter-clockwise  directions.  Additional  static  data,  for 
a  limited  angle-of-attack  range  of  0*  to  50*,  were  also  obtained  with  an  aft-mounted 
sting  arrangement  to  investigate  the  possibility  of  sting  interference,  as  well  as  to 
evaluate  levels  of  static  stability  at  sideslip  angles  of  -2.5’,  -5*  and  ±10*.  The 
electrical  center  of  the  balance  was  located  in  the  afterbody  where  the  1/4-chord  of  a  wing 
would  be  located,  such  that  the  absolute  magnitude  of  the  forebody  moments  measured  are 
representative  of  an  airplane  configuration. 
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3.1.5  Data  Presentation 


Comparison  plots  of  selected  data  are  presented  in  this  report  to  illustrate  the 
analysis.  In  addition,  all  of  the  data  measured  during  this  investigation  are  presented  in 
tabulated  form  in  Reference  5.  All  of  these  data,  both  herein  and  in  Reference  5,  are  non- 
dimensionalized  with  respect  to  the  following  wing  geometric  parameters:  span=2.8  ft, 
chord=1.317  ft,  and  area=3.09  ft2.  This  was  done  so  that  the  relative  magnitudes  of  the 
coefficient  data  would  be  meaningful  to  aircraft  designers.  All  of  the  data  are  presented 
relative  to  the  body  axis3  for  a  eg  location,  as  mentioned  above,  at  the  1/4-chord  of  the 
wing. 

3.2  Forebody  Aerodynamic  Characteristics 

3.2.1  Static 

Body-alone  static  longitudinal  and  directional  aerodynamic  characteristics  are 
presented  in  Figures  14  through  22  as  functions  of  angle  of  attack.  The  data  are  plotted 
both  at  constant  fineness  ratio,  to  demonstrate  the  effect  of  forebody  cross-sectional  shape, 
and  at  constant  H/W  to  demonstrate  the  influence  of  fineness  ratio.  Since  an  aircraft's  body 
produces  essentially  no  lateral  moments,  no  lateral  data  are  presented. 

3. 2. 1.1  Longitudinal 

The  influence  of  cross-sectional  shape  and  fineness  ratio  on  the  lift  and  normal-force 
coefficient  characteristics  is  presented  in  Figures  14  and  15,  respectively.  It  is  shown  that 
cross-sectional  shape  rather  than  fineness  ratio  is  the  dominant  geometric  characteristic 
influencing  these  coefficients.  The  influence  of  cross-sectional  shape  is  significant 
throughout  most  of  the  angle-of-attack  range  irrespective  of  the  value  of  fineness  ratio, 
whereas  the  main  influence  of  fineness  ratio  is  restricted  to  approximately  the  40*-60* 
angle-of-attack  range  for  fineness  ratios  greater  than  3. 

As  one  would  expect,  both  maximum  lift  and  normal-force  coefficients  increase  with 
decreasing  H/W  at  all  FR’s.  On  average,  the  maximum  body-alone  Cl  is  attained  at 


3  except,  of  course,  for  the  lift  coefficient  plots  included  herein 
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approximately  50"  angle  of  attack  and  for  an  H/W =0.6  body  is  approximately  60  percent 
larger  than  for  an  H/W=  1 .0  body. 

The  influence  of  fineness  ratio  and  cross-sectional  shape  on  the  pitching-moment 
coefficient  characteristics  is  presented  in  Figures  16  and  17,  respectively.  As  shown, 
fineness  ratio  affects  the  pitch  characteristics  considerably  more  than  cross-sectional  shape. 
The  body-alone  pitching-moment  becomes  consistently  more  nose-up  with  increasing 
fineness  ratios  at  all  H/W's  (Figure  16)  as  would  be  expected  since  increasing  FR  increases 
both  the  moment  arm  and  the  area  forward  of  the  moment  center.  The  small  influence  of 
cross-sectional  shape  manifests  itself  as  a  generally  more  nose-up  moment  (see  Figure  17), 
reflecting  increased  lift  and  normal  force  as  H/W  decreases. 

3. 2. 1.2  Directional 

Forebodies  can  produce  yawing  moments  in  symmetric  flight  (i.e.  with  no  sideslip 
or  rotation)  because  of  asymmetric  shedding  of  the  forebody  vortices.  The  symmetric 
flight  yawing-moment  coefficients,  Cn0’s,  are  plotted  for  constant  values  of  H/W  in  Figure 
18.  It  is  seen  that,  for  all  H/W’s,  increasing  the  fineness  ratio  increases  the  peak  CnG 
experienced  and  increases  the  angle-of-attack  range  over  which  these  Cn0’s  exist.  In 
general,  the  peak  Cn0's  also  increase  with  increasing  H/W's  (see  Figure  19)  and  for 
fineness  ratios  greater  than  4,  all  H/W's  produced  large  Cn0  values. 

The  variation  of  body-alone  directional  stability  with  cross-sectional  shape  is  shown 
in  Figure  20  to  have  generally  similar  characteristics  at  each  tested  fineness  ratio.  These 
results  were  derived  by  sloping  the  data  between  ±10*  of  sideslip.  The  vertical  ellipse 
(H/W=1.25)  is  directionally  unstable  at  all  tested  angles  of  attack,  while  the  horizontal 
ellipse  forebodies  are  stable  between  approximately  20’  and  70*.  The  circular  forebody  is 
generally  slightly  unstable  at  all  angles  of  attack.  At  forebody  fineness  ratios  greater  than  4, 
however,  the  circular  body  becomes  stable  at  the  higher  tested  angles  of  attack,  and  exhibits 
a  peak  level  of  stability  at  FR-5  that  is  comparable  to  that  of  the  horizontal  ellipses. 

When  the  directional  stability  characteristics  are  plotted  at  constant  H/W,  as  in  Figure 
21,  it  is  seen  that  the  increase  in  stability  for  the  H/W=0.6  horizontal  elliptical  bodies 
occurs  at  lower  angles  of  attack  and  increase  more  rapidly  with  increasing  fineness  ratio. 
At  an  H/W =0.8,  this  influence  is  not  as  dramatic,  and  the  peak  stability  levels  tend  to  occur 
at  a  higher  angle  of  attack.  The  circular  body  is  not  strongly  influenced  by  fineness  ratio. 


except  at  FR=5  where  the  body  becomes  strongly  stable.  The  vertical  ellipse  forebody 
generally  becomes  more  unstable  with  increasing  fineness  ratio  (except  at  the  largest 
fineness  ratios  and  angles  of  attack  tested). 


The  directional  stability  data  from  Figure  21  were  cross-plotted  against  H/W  at 
selected  angles  of  attack  of  30’,  40*,  and  50’,  in  Figure  22.  This  figure  further  illustrates 
the  two  trends  shown  in  Figure  20  and  21: 

1.  Regardless  of  the  fineness  ratio,  for  H/W  values  of  approximately  1.0  and 
higher,  the  bodies  are  unstable,  whereas  they  are  stable  for  H/W  values  less  than 
0.9. 

2.  The  stability  or  instability  associated  with  a  given  cross-sectional  shape 
generally  becomes  increasingly  magnified  with  increasing  fineness  ratio. 

3.2.2  Rotational 

3.2.2. 1  Longitudinal 

The  influence  of  fineness  ratio  on  the  body-alone  rotational  pitching-moment 
characteristics  was  similar  at  each  tested  H/W.  Figure  23  presents  these  characteristics  for 
the  H/W=1.0  bodies.  For  fineness  ratios  less  than  4,  any  incremental  pitching  moment 
produced  by  rotation  is  slightly  nose-down,  while  rotation  produces  slightly  nose-up 
increments  for  fineness  ratios  of  4  or  greater  in  the  30’  through  50’  angle-of-attack  range. 
Above  50*,  the  rotational  effect  is  nose-down  at  all  tested  fineness  ratios. 

3. 2.2.2  Directional 

The  influence  of  forebody  fineness  ratio  on  the  rotational  yawing-moment 
characteristics  of  the  tested  bodies  is  presented  in  Figures  24  through  27  for  all  the  cross- 
sectional  shapes. 

For  the  two  horizontally  elliptical  forebodies,  H/W=0.6  and  0.8,  forebody  fineness 
ratio  had  no  significant  effect  on  the  yaw  characteristics  below  approximately  20’  angle  of 
attack.  However,  for  all  angles  of  attack  above  20’,  the  rotational  yaw  characteristics  did 
vary  as  a  function  of  fineness  ratio  (Figures  24  and  25).  These  forebodies  are  generally 
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autorotative  in  yaw  between  20'  and  approximately  60°,  with  the  autorotative  moments 
generally  increasing  with  increasing  fineness  ratio.  Between  60*  and  70'  angle  of  attack, 
the  bodies  transition  from  being  propelling  to  being  damped.  Above  70°,  all  configurations 
were  damped  in  yaw,  with  a  small  increase  in  damping  being  produced  by  increasing 
fineness  ratio. 

The  effect  of  fineness  ratio  on  the  body-alone  rotational  yawing-moment 
characteristics  for  the  circular  (H/W=1.0)  cross-section  forebodies  is  presented  in  Figure 
26.  For  these  forebodies,  fineness  ratio  had  no  influence  through  10*  angle  of  attack. 
Above  10*  and  continuing  through  approximately  25*  angle  of  attack,  the  yaw  damping 
increases  with  increasing  fineness  ratio.  Above  25°,  the  damping  still  generally  increases 
with  increasing  fineness  ratio  for  the  lower  fineness  ratios  (<3).  In  general,  the  forebodies 
with  circular  cross-sections  retain  damped  yawing-moment  slopes  at  all  angles  of.attack.for 
all  tested  fineness  ratios  <4.5.  The  fineness  ratio  5  forebody,  however,  becomes 
propelling  in  the  40°  through  55*  angle-of-attack  region.  It  was  previously  observed  that 
this  forebody  also  exhibited  positive  directional  stability  in  this  same  angle-of-attack  region. 
Both  of  these  characteristics  are  similar  to  those  observed  for  the  horizontal  ellipse  cross- 
section  forebodies.  Evidently,  with  a  sufficiently  large  fineness  ratio,  the  nose  vortex 
behavior  of  the  circular  forebody  produces  similar  results  to  those  produced  by  an  elliptical 
cross-section  at  lower  FR’s. 

The  vertical  ellipse  cross-section  forebodies  (H/W=1.25)  are  damped  in  yaw  and 
exhibit  similar  influences  of  fineness  ratio  on  rotational  yawing  moment  as  those  observed 
for  the  circular  forebody  (Figure  27).  However,  no  fineness  ratios  greater  than  four  were 
tested  for  these  forebodies,  so  it  is  not  known  if  propelling  yaw  characteristics  could  be 
attained  for  a  vertical  ellipse  by  a  sufficiently  long  forebody. 

The  body-alone  rotational  yawing-moment  coefficient  data  were  replotted  at 
constant  fineness  ratio  to  demonstrate  the  influences  of  H/W  in  Figures  28  through  33  for 
fineness  ratios  of  1  to  5,  respectively.  In  most  cases,  the  circular  cross-sectional  bodies 
(H/W=1.0)  are  significantly  more  damped  than  the  H/W=0.6  elliptical  bodies,  especially 
between  25°  and  60°  angles  of  attack  where  the  H/W =0.6  bodies  are  very  propelling  and 
the  H/W=1.0  bodies  are  generally  modestly  to  well  damped.  The  rotational  yawing- 
moment  characteristics  of  the  H/W=0.8  elliptical  bodies  generally  lie  between  those  of  the 
ll/W=0.6  and  1.0  bodies,  but  in  most  cases  they  more  nearly  mirror  the  results  of  the 
H/W  =0.6  bodies. 
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At  the  largest  fineness  ratios  (FR=5),  as  shown  previously,  the  H/W=1.0  body 
Incomes  propelling,  nearly  to  the  same  extent  as  the  two  horizontal  ellipse  cross-sections 
between  30*  and  50*  angles  of  attack.  However,  it  becomes  damped  again  by  60*.  whereas 
the  H/W=0.6  body  remains  propelling  to  nearly  70*. 

3.3  Forebody  Interaction  with  Airplane  Components 

Experience  has  shown  that  the  forebody  geometries  that  have  an  appreciable 
influence  on  rotational  yaw  characteristics  will,  in  the  presence  of  other  components, 
produce  additional  aerodynamic  influences  not  detected  with  the  isolated  forebody.  This 
evidently  occurs  because  of  interaction  of  the  forebody  vortices  on  the  other  aircraft 
components. 

An  investigation  was  conducted  to  measure  the  force  and  moment  characteristics  for 
bodies  of  circular  and  elliptic  cross  sections  (H/W=0.6)  attached  to  a  thin  wing  and  vertical 
tail.  Details  of  the  wing  and  vertical  tail  are  shown  in  Figure  6.  The  wing  has  a  50  degree 
leading-edge  sweep  and  an  aspect  ratio  of  5.08.  The  vertical  tail  was  mounted  on  the  tested 
fuselages  as  shown  in  Figure  6. 

3.3.1  Static 

Component  build-up  plots  of  the  symmetric  flight  static  yawing  and  rolling-moment 
coefficients  are  presented  in  Figure  34  for  all  the  tested  body  cross-section  and  forebody 
fineness  ratio  combinations.  It  is  seen  that  large  total  airplane  CnQ  characteristics  are 
basically  determined  by  the  forebody  characteristics;  i.e.  at  low  FR's,  where  the  forebody 
does  not  produce  significant  Cn0’s,  the  presence  of  the  wing  and  vertical  tail  does  not 
introduce  any  sizable  CnG  either.  At  large  FR's,  however,  where  the  body  produces  large 
levels  of  CnQ,  the  other  configurations  also  exhibit  large  Cn0's  (although  they  may  be 
modified  or  lessened  by  the  presence  of  the  other  components). 

The  wing,  in  the  presence  of  a  low  FR  forebody,  does  not  produce  large  rolling 
moments  in  symmetric  flight.  The  presence  of  a  high  fineness  ratio  forebody,  however, 
produces  significant  levels  of  Q0.  Apparently,  the  asymmetric  forebody  vortices  that 
produce  the  Cn0's  also  influence  the  wing  by  causing  a  difference  in  local  angle  of  attack 
and/or  dynamic  pressure  between  significant  portions  of  the  right  and  left  wings.  This 


results  in  a  greater  normal  force  being  generated  on  one  wing  than  on  the  other  and,  hence, 
a  rolling  moment  in  symmetric  flight. 

Vertical  tails,  typically,  produce  virtually  all  of  an  aircraft's  directional  stability  in 
the  normal  flight  regime,  but  they  generally  become  ineffective,  or  counter  productive,  near 
stall  and  above.  Some  designers,  therefore,  have  tailored  their  forebody  shapes  to  provide 
directional  stability  significantly  beyond  stall. 

The  directional  stability  characteristics  of  total  airplane  configurations 
(body+wing+vertical  tail)  having  elliptical  (H/W=0.6)  and  circular  (H/W=1.0)  cross- 
sectional  shapes  and  forebody  fineness  ratios  of  2  and  5  are  presented  in  Figure  35. 
Having  a  directionally  stable  body-alone  configuration  may  not  necessarily  result  in  a 
directionally  stable  total  airplane,  once  the  vertical  tail  ceases  to  provide  stability,  as 
demonstrated  in  Figure  35  by  the  elliptical  FR=2  and  circular  FR=5  results.  Although  each 
of  these  bodies  was  directionally  stable  above  25*  anr’  „ , ,  attack,  their  total  configurations 
became  unstable  above  approximately  2*\  The  directionally  stable  elliptical  FR=5 
forebody,  however,  did  produce  an  airplane  that  remained  statically  stable  through  the 
tested  angle-of-attack  region.  Not  surprisingly,  the  directionally  unstable  circular  FR=2 
body  also  resulted  in  an  unstable  airplane  configuration  beyond  stall.  Obviously,  the 
phenomenon  involved  in  determining  a  total  configuration's  yaw  characteristics  at  high 
angles  of  attack  can  be  complicated  by  interference  effects. 

3.3.2  Rotational 

For  the  H/W=0.6  body  with  a  FR=2  forebody,  the  addition  of  the  vertical  tail  and 
wing  resulted  in  a  damped  configuration  at  virtually  all  angles  of  attack  (Figure  36), 
primarily  because  the  vertical  tail  contributed  yaw  damping  at  all  angles  of  attack  and  the 
wing  also  contributed  damping  through  approximately  60*.  These  contributions  were 
sufficient  to  overcome  the  propelling  yawing  moments  produced  by  the  body  alone. 
However,  when  the  forebody  fineness  ratio  is  increased  to  5,  the  vertical  tail  and  wing 
contributions  are  no  longer  able  to  overcome  the  propelling  body  contribution  by  40*  angle 
of  attack  (Figure  37).  In  fact,  at  50*  angle  of  attack,  the  total  airplane’s  yawing-moment 
characteristics  are  completely  dominated  by  the  body's  contribution.  Evidently,  the 
forebody's  vortices  produce  significant  interference  effects  on  the  vertical  tail  and  wing, 
such  that  they  are  completely  ineffective  at  these  angles  of  attack.  Above  65*  angle  of 
attack,  the  vertical  tail  is  again  able  to  produce  a  damped  configuration. 
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For  the  circular  (H/W=1.0)  body  with  a  FR=2  forebody,  the  body’s  yaw 
contribution  is  damped  at  all  angles  of  attack  (Figure  36),  and,  consequently,  adding  the 
wing  and  vertical  tail  produced  damped  yaw  characteristics  that  equalled  or  exceeded  those 
of  the  body  alone.  For  the  circular  body  with  a  FR=5  forebody  (Figure  37),  adding  the 
wing  and  vertical  tail  produced  a  configuration  that  was  damped  in  yaw  at  all  angles  of 
attack,  largely  because  of  the  modifying  influence  of  the  wing  at  the  angles  of  attack  where 
the  body  alone  was  very  propelling. 

All  of  these  results  are  probably  dependent  on  the  relative  forebody/wing/vertical 
tail  arrangement  chosen  for  this  study.  In  general,  the  ability  of  the  wing  or  vertical  tail  to 
overcome  a  propelling  forebody  characteristic  should  not  be  relied  upon. 

Most  airplanes  exhibit  some  propelling  rolling  moments  near  stall  as  a  result  of 
differences  in  lift  between  the  downgoing  and  upgoing  wings.  Figures  38  and  39  present 
the  rotational  rolling  moment  build-ups  for  airplane  configurations  with  H/W's  of  0.6  and 
1.0  and  fineness  ratios  of  2  and  5,  respectively,  at  selected  angles  of  attack.  As  would  be 
expected,  the  bodies  alone  produce  essentially  no  rolling  moment;  however,  the  forebodies 
do  influence  the  rolling  moment  produced  by  the  wing. 

At  FR=2,  the  wing  exhibits  propelling  rolling  moments  only  between 
approximately  30"  and  40”  angles  of  attack  that  are  not  significantly  influenced  by  the  body 
cross-sectional  shape,  as  shown  in  Figure  38.  For  an  airplane  configuration  having  a 
forebody  fineness  ratio  of  5,  however,  body  cross-sectional  shape  significantly  influences 
the  roll  damping  characteristics,  as  shown  in  Figure  39.  For  the  elliptical  cross-section,  the 
airplane  wing  is  highly  autorotative  over  a  large  angle-of-attack  range,  whereas  for  the 
circular  cross-section  body  the  wing  is  damped  in  this  region. 

A  comparison  of  the  forebody  data  presented  in  Figures  38  and  39b  illustrate  that 
forebody  fineness  ratio  also  can  greatly  alter  a  wing's  rolling  characteristics.  These  results 
demonstrate  that  the  influence  of  forebody  geometry  on  wing  characteristics  must  also  be 
considered  during  the  design  phase. 

The  rotational  pitch  characteristics  of  the  bodies  alone  are  reflected  in  those  of  the 
total  airplane,  i.e.  at  the  low  fineness  ratios  rotation  produces  additional  nose-down 
increments,  but  at  the  larger  fineness  ratios,  the  incremental  pitch  due  to  rotation  is  nose-up 


over  a  significant  an gle-of- attack  range.  Plots  of  the  component  build-up  pitching  moments 
are  not  included  here,  but  the  data  are  all  available  in  Reference  5. 

These  test  results,  as  well  as  those  of  many  fighter  aircraft  configuration  studies 
(e.g..  Reference  6),  have  clearly  indicated  that  forebody  configurations  that  produce  highly 
propelling  yawing  moments  (e.g.  horizontally  elliptical  cross-sections  of  high  fineness 
ratio)  tend  to  produce  airplane  configurations  that  are  also  highly  propelling  in  roll  and  can 
produce  nose-up  rotational  pitch  increments.  These  characteristics  are  all  undesirable  for 
flight  at  large  angles  of  attack  and  could  lead  to  violent  departures  and  spins. 

3.4  Effect  of  Modifying  Foreooaies 

3.4.1  Blunted 

As  shown  in  Figure  7  and  discussed  earlier,  a  series  of  forebodies  were  constructed 
that  had  their  tips  blunted  to  a  lower  fineness  ratio.  The  H/W=0.6,  0.8,  and  1.25  bodies 
were  selected  for  this  study. 

The  static  lift  and  normal-force  coefficient  data  are  plotted  in  Figures  40  through  42 
for  the  three  H/W’s  tested.  In  general,  fineness  ratio  has  little  influence  on  these  data, 
except  near  Cl^^.  As  would  be  expected,  blunting  also  has  little  influence  except  in  this 
same  region.  Depending  on  the  cross-sectional  shape  and  original  fineness  ratio,  blunting 
appears  to  have  either  no  significant  effect,  or  to  produce  a  lower  ClmaX  than  the 
unblunted  forebody.  The  influence  of  forebody  blunting  on  body-alone  static  pitch 
characteristics  (Figures  43  through  45)  is  to  generally  produce  peak  moments  lying 
between  those  of  the  original  pointed  forebody  and  a  pointed  forebody  having  the  same 
fineness  ratio  as  the  blunted  one. 

The  influence  of  forebody  blunting  on  static  yawing  moment  in  symmetric  flight  is 
demonstrated  by  Figures  46  through  48.  In  general,  forebody  blunting  will  either  have  no 
significant  influence  or  will  reduce  appreciably  the  angle-of-attack  range  where  CnG's  are 
*  realized,  and/or  greatly  reduce  the  Cn0  magnitude.  Only  for  the  H/W=0.6  forebody, 
blunted  from  4  to  3  fineness  ratio,  was  the  resulting  Cn0  increased  over  that  of  the  pointed 
forebodies,  and  none  of  these  levels  was  large  compared  to  the  Cn0's  produced  by  the 
pointed  FR=4.5  to  5  forebodies.  Figures  49  and  50  demonstrate  that  forebody  blunting 
had  no  significant  influence  on  the  body-alone  static  directional  stability. 
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Blunting  the  forebodies,  generally,  produced  rotational  pitch  characteristics  similar 
to  those  of  a  pointed  forebody  of  the  same  fineness  ratio  (Figure  51). 

This  limited  evaluation  of  the  influence  of  forebody  blunting  for  bodies  alone 
indicates  that,  below  50°  angle  of  attack,  blunting  the  nose  may  have  either  a  beneficial 
effect  or  a  negligible  effect  on  yaw  damping,  but  based  on  these  results  at  least,  it  does  not 
appear  to  have  any  adverse  effects.  Above  50°  angle  of  attack,  forebody  blunting 
apparently  can  introduce  propelling  yawing  moments  in  some  cases.  The  degree  of 
influence  due  to  nose  blunting  appears  to  be  dependent  on  the  forebody  cross-sectional 
shape,  as  discussed  below. 

Figure  52  presents  the  rotational  yawing-moment  characteristics  of  the  H/W=0.6 
forebody  with  a  5  fineness  ratio  shape  blunted  to  a  4.5  fineness  ratio.  The  sharp-tipped  5 
and  4.5  fineness  ratio  data  are  shown,  too,  for  comparison.  Figure  53  presents  similar 
results  for  the  same  forebody  shape  blunted  from  5  to  4  fineness  ratio.  All  of  these 
forebodies,  whether  blunted  or  pointed,  are  propelling,  with  the  4.5  and  5.0  pointed 
forebodies  having  nearly  identical  yaw  characteristics.  Comparison  of  Figures  52  and  53 
shows  that  for  the  H/W=0.6  forebody  cross-section,  blunting  the  5  fineness  ratio  forebody 
to  either  4.5  or  4  produces  rotational  yaw  characteristics  that  are  nearly  identical  to  the 
pointed  4  fineness  ratio  results,  which  are  generally  slightly  less  propelling  than  the  longer 
fineness  ratio  sharp  forebodies. 

For  the  H/W=0.6  pointed  forebodies,  there,  also,  is  little  difference  between  the 
fineness  ratio  4  and  3  rotational  yawing-moment  characteristics.  The  yaw  characteristics 
obtained  for  a  forebody  blunted  from  a  4  to  a  3  fineness  ratio  are,  likewise,  essentially  the 
same  except  that  they  are  shifted  slightly  relative  to  the  zero  rotation  rate  (Figure  54).  This 
shift  is  responsible  for  the  larger  Cn0's  observed  for  this  blunted  forebody  compared  to 
either  of  those  for  the  3  or  4  pointed  forebodies  (Figure  46c). 

Blunting  the  H/W=0.8  elliptical  cross-sectional  forebodies  from  5  to  either  4.5  or  4 
generally  produces  less  propelling  yawing  moments  below  approximately  50°,  but  more 
propelling  moments  by  60°  angle  of  attack  (Figure  55  ).  When  the  forebody  is  blunted  to 
4,  the  improvement  in  damping  at  the  lower  angles  of  attack  is  much  greater  than  when  it  is 
blunted  to  4.5,  but  it  becomes  more  propelling  at  60°. 


The  rotational  yawing-moment  characteristics  of  the  H/W=0.8  pointed  forebodies 
show  a  much  greater  difference  between  the  fineness  ratio  4  and  3  data  than  was  observed 
for  the  H/W=0.6  forebodies.  Consequently,  for  this  cross-sectional  shape,  blunting  the  4 
forebody  shows  a  larger  influence  as  well  (Figure  56).  At  angles  of  attack  through 
approximately  50’,  the  blunted  forebody  data,  in  general,  behaves  more  like  the  pointed 
FR=3  forebody  data;  while  at  60’  angle  of  attack  it  behaves  more  like  the  4  fineness  ratio 
pointed  forebody  data. 

For  the  H/W=1.25  bodies,  which  were  damped  in  yaw  at  all  angles  of  attack, 
blunting  the  forebody  did  not  appreciably  alter  the  damped  characteristics  of  this  series  of 
forebodies.  It  did  shift  the  rotational  yawing-moment  curves  somewhat  at  a  given  angle  of 
attack  (e.g.  Figure  58). 

3.4.2  Inclined 

A  limited  test  was  performed  to  investigate  the  effect  of  inclining  the  forebody  ,  for 
pilot  visibility  requirements,  on  the  aerodynamic  characteristics.  A  wedge  was  placed 
between  the  forebody  and  afterbody,  producing  a  7.5  degree  inclined  forebody.  Although 
additional  tests  are  needed  to  fully  quantify  these  effects,  some  observations  have  been 
made. 

Inclining  the  forebody  had  effectively  no  influence  on  the  lift  or  normal-force 
coefficients  and  resulted  in  a  small  shift  of  the  pitching  moment  versus  angle  of  attack. 
While  this  shift  is  not  equal  to  the  incline  angle,  the  correspondence  is  generally  close 
enough  to  indicate  that  the  cause  is  roughly  geometric.  The  static  pitching-moment 
coefficient  versus  angle  of  attack  for  the  basic  and  inclined  nose  fineness  ratio  3  and  5 
forebody  configurations  is  presented  in  Figures  59  and  60  for  H/W=0.6  and  1.0, 
respectively. 

The  maximum  values  of  yawing  moment  in  symmetric  flight  were  also  affected  by 
the  inclined  forebodies  (see  Figures  61  and  62),  as  well  as  the  angle-of-attack  range  over 
which  they  are  experienced.  These  inclined  effects  appear  to  be  a  function  of  forebody 
cross-section  and  fineness  ratio. 

The  rotational  yawing-moment  coefficients  are  presented  in  Figures  63  through  65 
for  the  tested  inclined  forebodies  (H/W=0.6  and  1.0  for  fineness  ratios  of  3  and  5). 


Generally,  inclining  the  forebodies  did  not  greatly  influence  the  overall  yawing-moment 
characteristics  of  the  propelling  H/W=0.6  bodies,  nor  the  damped  characteristics  of  the 
circular  fineness  ratio  3  body.  For  the  circular  cross-section  fineness  ratio  5  forebody, 
however,  a  significant  beneficial  effect  of  the  inclined  forebody  is  clearly  evident,  as  shown 
in  Figure  65. 

Directional  stability  results  for  the  basic  and  inclined  forebody  configurations  are 
presented  in  Figures  66  and  67  for  the  H/W=0.6  and  1  forebodies,  respectively.  In 
general,  inclining  the  forebody  had  only  small,  generally  destabilizing  influences  on  the 
body-alone  directional  stability,  except  for  the  circular  (H/W=1.0)  fineness  ratio  5  forebody 
where  it  completely  eliminated  the  directional  stability  generated  by  this  uninclined 
forebody  above  25’  angle  of  attack. 


3.4.3  Chines 

As  shown  in  Figure  10,  two  chined  forebodies  were  also  tested.  These  represented 
two  different  chine  angles  (45*  and  135*)  attached  to  a  circular  cross- sectioned  forebody  of 
fineness  ratio  4.  The  45*  chine,  as  shown,  produced  a  significant  increase  in  forebody 
planform  area  compared  to  the  unchined  circular  forebody.  The  135*  chine,  on  the  other 
hand,  represented  only  a  very  small  increase  in  forebody  planform  area.  As  a  result  of  their 
relative  planform  areas,  the  45*  chined  forebody  exhibited  larger  lift  and  normal  force 
(Figure  68)  and  pitching  moments  (Figure  69)  than  the  basic  unchined  body,  while  the 
differences  due  to  the  135’  chine  were  not  significant. 

The  basic  unchined  body,  due  to  the  long  forebody  fineness  ratio,  exhibits 
significant  CnQ's  in  the  30  to  70  degree  angle-of-attack  region.  These  static  zero-sideslip 
yawing  moments  are  essentially  eliminated  with  the  addition  of  either  chine,  as  shown  in 
Figure  69.  Figure  70  shows  directional  stability  results  for  the  basic  and  chined-nose 
configurations.  Above  20  degrees  angle  of  attack  both  sets  of  chines  provide  similar 
stabilizing  effects. 

The  rotational  yawing-moment  characteristics  of  the  chined  forebodies  are 
dramatically  different  than  those  of  the  basic  circular  forebody  (Figure  71).  The  basic 
circular  body  exhibits  very  damped  yawing-moments  with  rotation  throughout  the  tested 
angle-of-attack  range,  albeit  with  significant  static  yawing-moment  off-sets  in  the  35’  to 
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05'  angle  of  allack  region  While  either  chine  essentially  eliminates  these  static  off-set 
values,  they  also  produce  significant  propelling  yawing  moments. 

For  the  case  considered  here,  the  addition  of  either  chine  to  a  damped  basic 
forebody  produced  a  propelling  forebody.  Evidently,  the  presence  of  the  chines  caused  the 
forebody  to  behave,  both  statically  and  rotationally,  more  like  a  horizontally  elliptical  cross- 
sectioned  forebody.  Adding  chines  to  a  different  shaped  forebody,  such  as  one  that  was 
already  elliptical  for  example,  may  produce  different  results. 

3.4.4  Strakes 

As  shown  in  Figure  12,  small  strakes  were  tested  at  the  forebody  tip  of  the 
H/W=0.8,  FR=4.5  forebody.  These  strakes  were  mounted  in  a  "V"  position,  as  shown, 
being  raised  40‘  from  the  horizontal  on  both  sides.  This  configuration  was  chosen  because 
of  its  demonstrated  efficacy  on  previously  tested  airplane  configurations. 

The  influence  of  the  V-strakes  on  static  symmetric  flight  yawing  moment  is  shown 
in  Figure  72.  These  strakes  did  not  greatly  improve  the  significant  Cn0's  observed  with 
this  forebody.  The  V-strakes  also  caused  a  reduction  in  body-alone  directional  stability 
above  30*  angle  of  attack  (Figure  73). 

The  V-strakes,  however,  dramatically  influenced  the  rotational  yaw  characteristics 
of  this  body,  as  shown  in  Figure  74,  by  changing  the  propelling  yawing  moments 
observed  through  50*  angle  of  attack  without  the  strakes  to  highly  damped  moments  with 
them. 


Therefore,  such  strakes  provide  a  means  to  significantly  modify  a  highly 
propelling  forebody,  but  possibly  at  the  expense  of  directional  stability  at  very  high  angles 
of  attack.  These  effects  should  be  systematically  investigated  in  the  presence  of  other 
airplane  components,  as  well,  to  determine  if  body-alone  static  characteristics  are  reflected 
in  the  total  airplane  characteristics  and  if  they  have  any  influence  on  the  airplane's  lateral 
characteristics. 
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SECTION  4 


DEVELOPMENT  OF  DEPARTURE/SPIN  RESISTANT  DESIGN 

GUIDE 

As  mentioned  previously,  the  Phase  I  report  demonstrated  that  a  distinct 
relationship  (see  Figure  lc)  existed  between  the  body  propelling  yawing-moment 
characteristics  and  airplane  forebody  geometry4.  Because  of  the  successful  Phase  I 
correlation,  a  similar  exercise  was  performed  with  the  basic  forebody  yawing-moment  data 
obtained  during  Phase  II. 

The  propelling  yawing-moment  parameter  (PYMP)  values  were  determined  by 
measuring  the  area  under  the  rotational  yawing-moment  curve,  between  0  and  0.4  Qb/2V, 
when  the  curve  was  in  a  propelling  quadrant.  This  was  done  at  each  tested  angle  of  attack 
between  30*  and  65*,  and  the  results  were  averaged  to  determine  the  PYMP  value.  This 
differs  slightly  from  the  procedure  used  during  Phase  I  because  the  Phase  II  tests  measured 
data  at  every  5*  angle  of  attack,  whereas  body-alone  data  used  for  the  Phase  I  analysis  was 
only  available  at  10*  increments.  As  a  result,  more  data  points  are  averaged  to  determine 
the  Phase  II  PYMP  values. 

Although  many  geometric  parameters  were  considered  for  the  independent  variable 
when  presenting  PYMP  values,  the  most  practical  and  logical  was  found  to  be  fineness 
ratio.  Figure  75  presents  such  a  plot  for  all  the  basic  forebodies  tested. 

When  fineness  ratio  has  an  influence  on  the  measured  PYMP  values,  these  values 
increase  linearly  at  essentially  the  same  rate  for  all  cross-sectional  shapes,  and  the  resulting 
slope  is  displaced  to  increasingly  higher  values  of  PYMP  for  decreasing  values  of  H/W. 
Increasing  the  fineness  ratio  beyond  4  produces  no  further  increase  in  PYMP  for  the 
H/W=0.6,  0.8,  and  1.0  cross-sectional  forebodies.  For  the  vertical  ellipse  (H/W=1.25), 
this  is  also  the  case  for  fineness  ratios  above  3.  For  the  circular  and  vertical  ellipse 
forebody  cross-sections,  there  is  essentially  no  PYMP  produced  at  fineness  ratios  of  2  or 
less.  Trend  lines  have  been  drawn  through  the  data  on  Figure  75  that  reflect  these 

4  See  Section  2.  Review  of  Phase  I  Results,  for  a  synopsis  of  these  results  and  Reference 
1  for  a  complete  discussion. 
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observations.  Consequently,  these  trend  lines  constitute  the  PYMP  criterion  that,  as 
presented  in  Figure  76  without  data  points,  attempts  to  predict  PYMP  values  as  a  function 
of  forebody  geometry.  It  appears  that  the  criterion  can  serve  this  function  based  on  the 
correlation  obtained  between  actual  airplane  body  PYMP  values  and  the  criterion  shown  in 
Figure  77. 

Since  forebody  modifications,  such  as  blunting  or  adding  chines,  can  either 
improve  or  degrade  the  body's  yawing-moment  characteristics,  the  criterion  based  on 
unmodified  forebodies,  therefore,  should  not  be  expected  to  predict  PYMP  values  for 
modified  forebodies.  A  significantly  larger  data  base  would  be  required  before  a  criterion 
could  be  developed  for  blunted  or  chined  forebody  configurations. 

Many  internal  requirements,  as  well  as  aerodynamic  considerations,  dictate  a 
forebody's  dimensions.  To  aid  the  designer  in  his  trade-offs,  cross-plots  of  constant 
PYMP  levels  were  prepared  as  functions  of  fineness  ratio  and  H/W,  as  shown  in  Figure 
78.  Also  shown  in  this  figure  are  symbols  which  define  whether  the  data  at  a  particular  FR 
and  H/W  combination  were  generally  characterized  as  damped  or  propelling,  and  whether 
there  were  significant  Cno's  generated. 

These  results  show  that  for  any  combination  of  fineness  ratio  and  H/W  that  results 
in  a  PYMP  level  below  approximately  0.20,  the  yawing  moment  is  essentially  damped. 
For  forebody  geometries  producing  PYMP  values  greater  than  0.2,  the  degree  of  propelling 
yawing  moment  experienced  increases  with  increasing  PYMP.  Figure  78  also  shows  that 
there  is  a  value  of  fineness  ratio  at  each  H/W  below  which  little  or  no  Cn0's  are  produced. 
This  fineness  ratio  is  approximately  4  at  0.6  H/W  and  decreases  with  increasing  H/W  to  a 
value  between  1  and  1.5  at  H/W=1.25.  Above  these  values,  the  levels  of  CnD  increase 
with  increasing  fineness  ratios. 

Therefore,  it  can  be  seen  that  as  H/W  decreases  below  1 .0,  the  forebody  length  that 
will  not  produce  propelling  yawing  moments  decreases  rapidly,  while,  however,  a  greater 
tolerance  to  yawing-moment  offsets  at  longer  forebody  lengths  is  observed.  A  forebody 
that  exhibits  significant  Cn0's  but  a  low  PYMP  value  will  be  characterized  by  a  tendency 
for  the  nose  to  wander  during  high-a  maneuvers,  but,  assuming  no  other  adverse 
characteristics  such  as  a  propelling  empennage  design,  will  not  tend  to  depart  and  spin 
because  of  its  damped  yaw  characteristics.  A  body  with  large  PYMP  levels  and  little  or  no 
Cn0,  while  it  would  not  exhibit  nose  wandering  in  a  straight  symmetric  maneuver,  would 
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be  highly  susceptible  to  departures  and  spins  once  it  started  to  rotate  because  of  its  highly 
propelling  yaw  characteristics.  Also,  as  was  demonstrated  when  other  airplane 
components  were  present,  the  forebodies  at  these  high  PYMP  levels  can  also  cause  large 
Ci0's,  increase  the  wing's  propelling  rolling  moments,  and  produce  nose-up  rotational 
pitching-moment  increments.  These  characteristics  will  cause  departures  from  controlled 
flight  and  can  lead  to  spin  modes.  Therefore,  the  more  deeply  the  forebody  geometry  lies 
within  the  low  H/W-high  fineness  ratio  comer,  the  more  adverse  will  be  the  forebody's 
contribution  to  the  airplane's  high  angle-of-attack  aerodynamics. 

These  conclusions  are  illustrated  by  the  design  guide  presented  in  Figure  79.  The 
heavy  boundary  is  approximately  the  PYMP=0.2  line,  and  the  increasingly  darker  shading 
to  the  left  of  the  boundary  represents  the  increasingly  adverse  aerodynamic  characteristics 
that  will  be  experienced  in  those  regions.  The  other  boundary  represents  the  onset  of 

Cn0's- 
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SECTION  5 

CONCLUDING  REMARKS 

The  results  of  this  study  clearly  indicate  that  there  is  a  definite  relationship  between 
forebody  geometry  and  the  aerodynamic  characteristics  to  be  expected,  both  from  the  body- 
alone  and  from  the  total  airplane.  A  design  chart  that  summarized  these  findings  was 
generated  to  provide  a  tool  to  assess  the  impact  of  forebody  geometry  on  expected  airplane 
high  angle-of-attack  flight  characteristics.  An  analysis  of  the  data  used  to  develop  this 
design  chart  provided  the  following  observations: 

#  The  rotational  yawing  moment  becomes  more  propelling  as  the  forebody  cross- 
sectional  shape  becomes  more  elliptical,  when  the  major  axis  is  in  the  horizontal 
plane. 

#  Generally,  increasing  fineness  ratio  amplifies  the  influence  of  cross-sectional  shape. 
Therefore,  *'  .  .ost  propelling  forebodies  are  ones  that  are  highly  elliptical  with 
large  fir  „r  ratios. 

®  forebody  configurations  that  produce  highly  propelling  yawing-moment 
characteristics  tend  to  produce  nose-up  rotational  pitch  increments  and,  through 
interaction  with  the  wing,  to  also  produce  roll  offsets  and  adverse  rotational  roll 
characteristics. 

®  Yawing  moments  in  symmetric  flight  that  are  caused  by  asymmetric  vonex 
shedding  from  the  forebody  generally  increase  with  increasing  forebody  fineness 
ratio,  and  decrease  with  decreasing  forebody  height/width  ratio. 

#  The  body-alone  static  directional  stability  levels,  in  the  30'  to  50*  angle-of-attack 
region  tend,  generally,  to  be  stable  for  forebody  height/width  ratios  below 
approximately  0.95  and  unstable  for  values  above.  Increasing  fineness  ratio  tends 
to  increase  either  the  directional  stability  or  instability  determined  by  the  cross- 
sectional  shape. 

#  All  of  the  physical  forebody  characteristics  that  had  a  favorable  influence  on  body- 
alone  rotational  yaw  characteristics  during  this  study  adversely  influenced  body- 
alone  directional  stability,  and  vice-versa. 
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A  limited  study  of  the  influences  of  forebody  modifications,  such  as  blunting  or 

inclining  the  forebody,  or  the  addition  of  strakes  and  chines,  has  indicated  the  following: 

•  Blunting  the  forebody  tip  may  introduce  some  changes  in  the  aerodynamic 
characteristics  compared  to  the  unmodified  pointed  body.  However,  the  results  are 
generally  within  the  bounds  to  be  expected  at  the  reduced  fineness  ratio  of  the 
blunted  forebody.  This  also  means  that,  for  the  tested  forebodies,  the  results  were 
similar  at  a  given  fineness  ratio,  regardless  of  whether  the  tip  was  pointed  or  blunt. 

*  Inclining  the  forebody  produced  aerodynamic  characteristics  consistent  with  the 
local  angle  of  attack  of  the  forebody. 

®  A  very  limited  investigation  of  forebody  strakes  has  shown  that  they  can  radically 
improve  an  adverse  forebody's  rotational  characteristics,  but  can  degrade  the 
configuration's  static  directional  stability. 

®  The  limited  chine  investigation,  also  undertaken  during  this  study,  indicated  that  the 
two  chine  configurations  tested  each  improved  the  static  directional  stability,  but 
degraded  the  rotational  aerodynamics  significantly.  These  results  may  differ  for 
other  forebody  geometries. 
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TABLE  L-  BODY  DIMENSIONAL  CHARACTERISTICS 
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c)  -  Correlation  of  propelling  yawing-moment  characteristics  with  forebody  geometry 

Figure  1.  -  Phase  I  Criterion  Development  Parameters 


Figure  2.  -  Forebodies  tested  during  the  Phase  II  study 


a)  H/W=0 . 6  FR=4 

Figure  4 Photographs  of  model  bodies  mounted  on  rotary  balance 


3b 


Figure  4  Continued 


Figure  4.-  Concluded 
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Wing  Airfoil:  Bi-convex  t/c  •  0.043 
Vert.  Tail  Airfoil:  Bi-convex  t/c  -  0.038 
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airplane  model 


Figure  7.-  Concluded 
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Figure  8.-  Photograph  of  H/W=0.6  body  with  a  FR=5.0  forebody  blunted  to 

mounted  or  rotary  balance 
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Figure  10.-  Flan  view  ai 
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Figure  11.-  Photograph  of  chined  H/W=1.0,  FR=4.0  forebody  configuration  mounted 

on  rotary  balance 


NOTE:  Tip  of  strake  aligned  with  tip  of  forebody 


Figure  12.-  V-Strake  tested  on  H/W  =  0.8,  FR  =  4.5  forebody 
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A  Slip  ring  housing 
B  Spin  radius  offset  potentiometer 
C  Lateral  offset  drive  gears 
D  Lateral  offset  potentiometer 
E  Strut 

F  Sideslip  angle  potentiometer 
G  Sideslip  angle  positioning  motor 


I 
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b)  Front  view  of  model 
Figure  13.-  Concluded 
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f)  FR=  5 

liqure  14.-  Concluded 


b)  H/W=  0 . 8 
Figure  15.-  Continued 
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d)  H/W=l . 25 
Figure  15.-  Concluded 


Figure  16.-  Influence  of  forcbody  fineness  ratio  on  pitching-moment 
coefficient  variation  with  angle  of  attack  for  specified 

cross-sectional  shapes 
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d)  FR=4 

Figure  17.-  Continued 
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b)  H/W=0 . 8 

gure.18.-  Influence  of  forebody  fineness  ratio  on  symmetrical 
light  yawing-moment  coefficient  variation  with  angle  of  attack 
for  specified  cross-sectional  shapes 
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Figure  19.-  Influence  of  forebody  cross-sectional  shape  on  symmetrica! 
flight  yawing-moment  coefficient  variation  with  angle  of  attack  at 
specified  values  of  fineness  ratio 
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Figure  19.-  Concluded 
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Figure  20.  -  Concluded 
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a  degrees 
d)H/W  =  1.25 


sectional  shape  and  fineness  ratio  on  directional  stability 
at  selected  angles  of  attack 
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a)  a=30 

Figure  23.-  Influence  of  forebody  fineness  ratio  on  rotational  pitching-moment  coefficient 

characteristics  for  a  H/W=1.0  cross-sectiohal  shape 
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Influence  of  forebody  fineness  ratio  on  rotational  yawing-moment  coefficient 
characteristics  for  a  H/W=0.6  cross-sectional  shape 
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Figure  24.-  Continued 
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Figure  24.-  Continued 
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Figure  25.-  Continued 
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Figure  25.-  Continued 
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Figure  25.-  Continued 
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c)  a=30 

Figure  26.-  Continued 


O  3 


lb/2 


O  3 


O  3 


O  3 


or 


Figure  26.-  Continued 
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Figure  26.-  Concluded 


Influence  of  forebody  fineness  ratio  on  rotational  yawing-moment  coefficient 
characteristics  for  a  H/W=l . 2 5  cross-sectional  shape 
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Figure  27. 
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Figure  27. 
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Figure  27.-  Concluded 


Figure  28.-  Influence  of  forebody  cross-sectional  shape  on  rotational  yawing-moment 

coefficient  characteristics  at  a  fineness  ratio  value  of  1 
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Figure  28. 
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Figure  28.-  Continued 
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Figure  28.-  Continued 
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Figure  29.-  Continued 
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Figure  29.-  Continued 
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Figure  29.-  Continued 
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Figure  29.-  Continued 
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Figure  29 
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Figure  29. 
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Figure  30.-  Influence  of  forebody  cross-sectional  shape  on  rotational  yawing-moment 
coefficient  characteristics  at  a  fineness  ratio  value  of  3 
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Figure  30. 
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Figure  30.-  Continued 
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Figure  30.-  Continued 
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Figure  30.-  Continued 
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Figure  32.-  Influence  of  forebody  cross-sectional  shape  on  rotational  yawing-moment 
coefficient  characteristics  at  a  fineness  ratio  value  of  4.5 
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Figure  33. 
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a)  H /W  =  0 . 6  FR=  2 

Figure  34.-  Influence  of  forebody  geometry  in  the  presence  of 
other  airplane  components  on  symmetrical  flight  rolling- 
and  yawing-moment  coefficients 
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b)  H /W=  0 . 6  FR  =  5 

Figure  34.-  Continued 
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Figure  34.-  Concluded 
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b)  Fineness  ratio  =  5 


Figure  35.  -  Influence  of  forebody  cross-sectional  shape  in  the  presence  of  other 
airplane  components  on  directional  stability  for  specified  fineness  ratios 


Figure  36.-  Influence  of  forebody  cross-sectional  shape  in  the  presence  of  other  airp 
components  on  the  rotational  yawing-moment  coefficient  characteristics  for  a  FR=2  fori 
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Figure  38.-  Influence  of  forebody  cross-sectional  shape  in  the  presence  of  other  airplane 
components  on  the  rotational  rolling-moment  coefficient  characteristics  for  a  FR»2  forebody 
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Figure  39.-  Influence  of  forebody  cross-sectional  shape  in  the  presence  of  other  airplane 
components  on  the  rotational  rolling-moment  coefficient  characteristics  for  a  FR=5  forebod 
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Figure  41.-  Effect  of  blunting  H/W=0.8  cross-sectional  forebodies  on 
the  lift  and  normal-force  coefficient  variation  with 

angle  of  attack 
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Figure  41.-  Continued 
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Figure  42.-  Effect  of  blunting  H/W=1.25  cross-sectional  forebodies 
on  the  lift  and  normal- force  coefficient  variation  with 

angle  of  attack 
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Figure  42.-  Continued 
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b)  FR=  5  blunted  to  4 

Figure  43.-  Effect  of  blunting  H/W=0.6  cross-sectional  forebodies 
on  pitching-moment  coefficient  variation  with  angle  of  attack 
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Figure  43.-  Concluded 
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b)  FR=  5  blunted  to  4 

Figure  44.-  Effect  of  blunting  H/W=0.8  cross-sectional  forebodies 
on  pitching-moment  coefficient  variation  with  angle  of  attack 
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c)  FR=  4  blunted  to  3 

Figure  44.-  Concluded 
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a)  FR=4  blunted  to  3.6 


b)  FR  =  4  blunted  to  3.2 

Figure  45.-  Effect  of  blunting  H/W=1.25  cross-sectional  forebodies 
on  pitching-moment  coefficient  variation  with  angle  of  attack 
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Figure  45.-  Concluded 
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Figure  46.-  Effect  of  blunting  H/W=0.6  cross-sectional  forebodies 
on  symmetrical  flight  yawing-moment  coefficient  variation 

with  angle  of  attack 


Figure  47.-  Effect  of  blunting  H/W=0.8  cross-sectional  forebodies 
on  symmetrical  flight  yawing-moment  coefficient  variation  with 

angle  of  attack 
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Figure  47.-  Concluded 
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a)  FR=4  blunted  to  3.6 


Figure  48.-  Effect  of  blunting  H/W=1.25  cross-sectional  forebodies 
on  symmetrical  flight  yawing-moment  coefficient  variation  with 

angle  of  attack 
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Figure  48.-  Concluded 
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Figure  50.  -  Effect  of  blunting  H/W  =  1 .25  cross-sectional  forebodies 

on  directional  stability 
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Figure  51.-  Effect  of  blunting  a  H/W=0.8,  FR=4  forebody  on  rotational  pitching-aoeent 

coefficient  characteristics 
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Figure  52.-  Sffect  of  blunting  a  H/W=0.6  cross-sectional  forebody  from  FR  5 

on  rotational  yawing-moment  coefficient  characteristics 
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Figure  53.-  Effect  of  blunting  a  H/W=0.6  cross-sectional  forebody  fr 

rotational  yawing-moment  coefficient  characteristics 
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Figure  53.-  Continued 
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Figure  53.-  Continued 
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Figure  53.-  Coi 
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Figure  53.-  Continued 


blunted  to  3 


Figure  54.-  Effect  of  blunting  a  H/W=0.6  cross-sectional  forebody  fro 

rotational  yawing-moment  coefficient  characteristics 
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Figure  54.-  Continued 


4  blunted  to  3 


4  blunted  to  3 


fi 

<o 


243 


Figure  54.-  Continued 
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Figure  55. 
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Figure  55. 


5  blunted  to  4 


Figure  56.-  Effect  of  blunting  a  H/W=0.8  cross-sectional  forebody  fr 

rotational  yawing-moment  coefficient  characteristics 
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Effect  of  blunting  a  H/W=0.8  cross-sectional  forebody  fr 
rotational  yawing-moment  coefficient  characteristics 
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Figure  57. 


4  blunted  to  3 


blunted  to  2.4 


£ 

Cj 


255 


Figure  58.-  Effect  of  blunting  a  H/W=1.25  cross-sectional  forebody 
rotational  yawing-moment  coefficient  characteristics 
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Figure  59.-  Influence  of  inclining  a  H/W=0.6  cross-sectional 
forebody  on  pitching-moment  coefficient  variation  with  angle 
of  attack  for  FR=3  and  5  forebodies 
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Figure  61.-  Effect  of  inclining  a  H/W=0.6  cross-sectional  forebody 
on  symmetrical  flight  yawing-moment  coefficient  variation  with 
angle  of  attack  for  FR=3  and  5  forebodies 
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on5s~tricalfffliohrf  lnc:Uni"g  a  »/«*'■<>  cross-sectional  forebody 
on  symmetrical  flight  yawing-moment  coefficient  variation  with  angle 

Of  attack  for  FR=3  and  5  forebodies  9 
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Figure  63.-  Effect  of  inclining  a  H/W=0.6,  FR=3  forebody  on  rotational  yawing-moment 

coefficient  characteristics 
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Figure  63.-  Continued 
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Figure  64.-  Effect  of  inclining  a  H/W=0.6,  FR=5  forebody  on  rotational  yawing-moment 

coefficient  characteristics 
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Figure  64.-  Concluded 
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Figure  65.-  Effect  of  inclining  a  H/W=T.O,  FR=5  forebody  on  rotational  yawing-moment 

coefficient  characteristics 


Figure  66.  -  Effect  of  inclining  a  H/W=0.6  cross-sectional  forebody  on  body-alone 
directional  stability  for  FR=3  and  5  forebodies 
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Figure  67.  -  Effect  of  inclining  a  H/W=1 .0  cross-sectional  forebody  on  body-alone 
directional  stability  for  FR=3  and  5  forebodies 


Figure  68.-  Influence  of  forebody  chines  on  lift  and  normal-force 
coefficient  variation  with  angle  of  attack  for  a  H/W=1.0, 

FR=4  forebody 
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Figure  69.-  Influence  of  forebody  chines  on  pitching-moment 
coefficient  and  symmetrical  flight  yawing-moment  coefficient 
variation  with  angle  of  attack  for  a  H/W=1.0,  FR=4  forebody 
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Figure  71.-  Continued 
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Figure  72.  -  Effect  of  V-strakes  on  body-alone  symmetrical  flight  yawing-moment 
coefficient  variation  with  angle  of  attack  for  a  H/W=0.8,FR=4.5  forebody 


Figure  73.  -  Effect  of  V-strakes  on  body-alone  directional  stability 

for  a  H/W  =  0.8,  FR  =  4.5  forebody 


r V  strakes 


strakes  on  body -alone  rotational  yawing -moment  coefficient  characteristics 


2*  V  -  STRAKES 


74.  -  Concluded 


Figure  75.-  Basic  forebody  propelling  yawing-moment  parameter  values  plotted 
as  a  function  of  fineness  ratio  for  specified  cross-sectional  shapes 
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Propelling  yawing  moment  parameter  criterion  chart 


Figure  77-  Propelling  yawing-moment  parameter  values  of  actual  airplane  bodies 

compared  with  PYMP  Criterion 
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j re  78  -  Constant  PYMP  boundaries  as  a  function  of  forebody  geometry  compared  with 

yaw  characteristics  of  the  tested  forebodies 
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ure  79.  *  Forebody  design  guide  for  minimizing  adverse  forebody  aerodynamic  characteristics 

at  post- stall  angles  of  attack 


